In this study the comprehensive reliability in terms of clearness index for power production of HIT, amorphous silicon & multi-crystalline silicon (m-cSi) technologies has been analyzed. The energy estimation of these three technologies is done based on regression, and deviation in the measured and estimated values is also reported. It has been found that for winter season, HIT technology module is the most reliable for overcast and partly cloudy conditions between the HIT, amorphous silicon &m-cSitechnologies. For summer season, amorphous Silicon technology shows the highest reliability for clear sky condition, m-cSi has the highest reliability for partly cloudy and HIT technology for overcast condition. HIT technology shows higher reliability both in the post monsoon and autumn season for clear sky and partly cloudy index conditions. The error in the estimations has been reduced by increasing the number of iterations.
I. INTRODUCTION
The task of demand and supply of power is unachievablein most of the rural part of India. Diverse climatic condition plays a key role in the reduction of energy yield of PV power plant, which brings direct correlation with reliability issue in large power plant [1] . In India, the regions have been mainly divided into 6 climatic zones: Hot and Dry, Warm and Humid, Moderate, Composite, Cold and Cloudy, and Cold and Sunny. The reliability of solar panels is subjected to different weather and environmental conditions depending on the location of their setup. Although the quality of solar cell and module has been quantified in large scale but they degrade over a period of exposure time in outdoor field [2] . Modules defect can occur due to environmental parameters such as high temperature, moisture, heavy rain fall, snow, shading etc. There are four prominent causes for the degradation of a solar cell which have been reported in literature 1) obscuration or absorption in the glass superstrate, 2) obscuration or absorption in the ethylene vinyl acetate (EVA) encapsulant, 3) degradation of the p-n junctions, or 4) thermal degradation. The reliability of the solar module varies with the degradation of the cell and also due to different climatic and weather conditions of each state or location [4] . Two analytical ways were introduced to determine degradation rates from continuous data, the classical decomposition and ARIMA method [5] . The prediction of power output of different PV technologies is also an important subject to study without establishing the plant at various locations with simulation methods. Optimization of the cost of the setup and power generation can be done at maximum level with the help of simulation of power. Previously, many methods have been reported in the literature in order to determine the various specific parameters of the I-V characteristics of solar modules. The accuracy of different simulation process needs to be studied for increasing the reliability of estimation. In [6] , the uncertainty of power generation from PV modules is studied. An unsymmetrical two point estimate method (U2PEM) has been implemented to handle the uncertainties of the used variables. Monte Carlo Simulation is proposed in [7] to find the reliability of distributed networks and results satisfy that the penetration of distributed generations improves the reliability of the distribution network. Moreover, the reliability factor is also dependent on the operation time and gets decreased when operated for a very long time [8] . In [9] , estimation of the maximum power output of photovoltaic (PV) modules with different numbers of parameters including irradiance and PV module temperature as inputs has been used. And results show that under tropical conditions, the one and two parameter models do not give accurate results at low irradiances. Both three and four parameter models are good and give more reasonable results than the RESEARCH ARTICLE OPEN ACCESS previous ones. But still they lack in presenting a total model of time span in which the output was actually used because the panel does not generate enough power at low irradiance to make it plausible to be used. In [10] , clearness index is considered the best way to predict the sky conditions for operation of solar module. The aim of this paper is to predict the power output of Amorphous, HIT and Multicrystalline technology based on real time measured data. Monte Carlo Simulation is also used to predict the reliability and interruptions in power production faced by solar PV Modules. The study can expand their use and feasibility of predicting of power outputin which fields it can be used effectively and to what extent by dividing the data according to different seasons and clearness index values. It will help us in describing the ability of a module to function under stated weather conditions of given category for a specified period of time. And can help us easily locate the perfect location for setting up the module of a given technology according to its performance in different climatic conditions of various regions. This study can help the people to choose the suitable PV technology having different types of clearness index distribution.
II. METHODOLOGY
For the analysis, the effect of different weather parameters on module power is taken under consideration.These weather parameters are irradiance, ambient temperature, wind speed, wind direction, humidity, clearness index and pressure corrected air mass. The power output by using linear equation is given as P=C 1 I + C 2 T amb + C 3 W s + C 4 W hum + C 5 W dir + C 6 K t + C 7 P am + Constant(1) C n =Regression coefficient, I=Irradiation on the tilted surface, T amb =Ambient temperature, W s =Wind speed W hum =Humidity, W dir =Wind direction, K t =Clearness index, P am =Pressure corrected Air mass Air Mass (AM) is calculated using following equation based zenith angle and the atmospheric pressure, model developed by Kastenet al [11] . Already Bora et al has reported about the mostfrequent conditions (MFC)for accurate design of photovoltaic system for the test site based on air mass [12] .
Clearness index is defined as the ratio of the global irradiance on a horizontal plane to the extraterrestrial irradiance. It is given by = (4) Here, H represents the daily global solar radiationand H 0 representsthe daily extra-terrestrial radiation.
The reliability of the solar module has been defined by the total number of observations for which the power of the module has been obtained in correspondence with irradiance greater than 200W/m 2 . And the error between calculated and measured power is less than 30%. Reliability evaluation also includes the errors and forced interruptions. The interruptions in this case mainly occur due to the low irradiance and other weather parameters like clearness index and temperature. The term for interruption in this study has been named as System Average Interruption Frequency Index (SAIFI). SAIFI defines the number of interruptions (for which the power output of the module was not adequate, i.e. IF (OR (irradiance<200W/m 2 , error>30%)) to the total number of observations. And the sum of reliability and SAIFI will be equal to 1.
Or Reliability (%) +SAIFI (%) = 100% The data has been divided into 3 categories on the basis of clearness index: 1) Overcast clearness index(0-0.15) 2) Partly cloudy clearness index(0.16-0.60) 3) Clear sky clearness index(0.61-1)
The clearness index is used as a random variable to run the simulations. For each iteration, the value of clearness index is selected arbitrarily and thus the power equation is also dependent on this random variable. The reliability and SAIFI being dependent on the power equation will also change their values with each iteration. The more the number of iterations, the less will be the error obtained in the calculated power. The data in the fig. 1-fig. 15 show the difference in power output for different seasons and clearness index range. We can find the deviations and the error obtained from the graphs for each technology.The procedure used for the simulation is given in the fig. 16 .
III. SET-UP
In order to study the reliability and interruptions in power of different technology PV modules an experimental test-bed facility consisting of three different PV technology module arrays at Gurgaon (Latitude 28.37 0 N, Longitude 77.04 0 E) is considered. The three PV technologies; Amorphous Silicon (a-Si), HIT ( hetro -junction intrinsic thin layer silicon) and Multicrystalline Silicon (m-C- 
IV. RESULTS AND DISCUSSION
The coefficients of the power output equation in Table 2 , 3 & 4 were obtained by applying regression in the tested data and applied in the target data, thus finding the difference between calculated and measured output power for target data.
Standard Deviation of error Comparison:
It can be observed from the table that for winter season, HIT technology has the least standard deviation of error in the overcast index region while the highest for partly cloudy and clear sky index. Multicrystalline Technology has the least value of standard deviation in partly cloudy and clear sky index region.For summer season, HIT technology and Multi-crystalline technology have the least standard deviation for overcast and partly cloudy index respectively. Amorphous technology shows the best results in summer clear sky region showing only a minor standard deviation of error for irradiance greater than 600W/m 2 .For monsoon season, multicrystalline technology gives better results than the other two technologies in the overcast region while HIT technology gives less standard deviation in the partly cloudy region. The error of each technology goes high in the clear sky region in Monsoon season denoting the less possibilities of high clearness index in this season. For post monsoon season, multicrystalline technology gives less standard deviation in overcast region while amorphous technology gives better results for partly cloudy index. The error of each technology goes high in the clear sky region in Post Monsoon season as well denoting the less possibilities of high clearness index in this season. For autumn season, the standard deviation of HIT and Multicrystalline technology are almost equal and much lower thus giving better results than the amorphous technology for partly cloudy and clear sky indices.
Average error Comparison:
While comparing the difference between the calculated and measured power of the module for the winter season, amorphous technology had the highest average error for each index and multicrystalline technology had a minimal rate of average error for each category.In the summer season, amorphous technology module had the least error while multicrystalline technology had the highest value of average error for each clearness index category.In the monsoon season, each technology had very high value of average error in the clear sky region showing less chances of high value of clearness index in this season but for partly cloudy index each technology module had almost equal value of average error.In the post monsoon season, multicrystalline technology gave the least value of average error for each category of clearness index.In the autumn season, HIT technology had the least value of average error for partly cloudy and clear sky index region.
Reliability Comparison:
HIT technology was found to be the most reliable in the winter season for overcast and partly cloudy index while multicrystalline technology is more reliable for clear sky index.The reliability order for summer season varies for each clearness index category showing the highest reliability of amorphous technology for clear sky having irradiance greater than 600W/m 2 . Multicrystalline technology has the highest reliability for partly cloudy index and HIT technology for overcast index region.Multicrystalline technology shows better results than other technologies in the monsoon season for clear sky index region while HIT technology had the highest reliability for the partly cloudy index.HIT technology has a higher reliability both in the post monsoon and autumn season for clear sky and partly cloudy index region.
SAIFI Comparison:
As we know the sum of Reliability and SAIFI must be equal to 1. Thus higher the reliability, lesser will be the interruption frequency index(SAIFI).Thus, the technologies which have given the highest reliability in any category will have least SAIFI or interruptions in that clearness index or season as shown in the Table 4 .
V. CONCLUSION
Reliability analysis of a-Si, HIT and m-C-Si PV technology modules for three different clearness index categories is carried out at the real field condition under Indian climatic conditions. Based on the analysis, the main conclusions are as follows: 1) For winter season, HIT technology module is the most reliable for overcast and partly cloudy index. Fig 1. Graphs for measured and calculated power for partly cloudy and clear sky index region for a-Si Technology module for winter season. Table 5 .Comparison of average error, standard deviation of error, reliability and SAIFI of a-Si, HIT and m-C-Si technology module for winter, summer, monsoon, post monsoon and autumn season for three clearness index categories.
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